Updating hydrogen fluoride (HF) FTIR time series above Jungfraujoch: comparison of two retrieval algorithms and impact of line shape models by Duchatelet, Pierre et al.
F????? 2 - HF ????? ?????? ???? ?????? ??? ??? ???? 2005 ??????? ???? FTIR ???????????? ?? 
J??????????? ?? ????? ?????????????? ??????????? ?????????? ?? T???? 1 ???? ??? ????????? 
????????? ??????????: SFIT 2 ?3.91 (?????? ????) ??? PROFFIT 9.5 (???? ????). E??????????? ???? 
?????? ??? ?????????? ????????????. T?? ?????? ?????? ?????????? ??? ???????? ?????????? ??????? 
??? ??? ????? ??????, ???????? ?? [(SFIT-PROFFIT)/PROFFIT]*100. T?? ???? ???????? 
?????????? (? 1-? ???????? ?????????) ?????? -0.99 ? 1.02 %, ????? ?? ?? ????????? ????????? 
???? [3] ???? ??????? ???????? ??????????? ?????? 1% ??????? SFIT 2  ??? PROFFIT ????????? 
????? ??????? ?? ?????, HNO , HDO ??? N O, ????????????. T?? ???? ???? ????????? ??????? ???? 
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????????? ????? ?? ??????????, ??????? ??? ???? ???? SFIT-2 ??? PROFFIT ??????, ??????? ?? 
????? ?? ??? ??????? ??? ????????? ????????? ??????????.
I? ??????????, ???? ????? ??? ???? ?? ?????: 
(1) ???? HF ?????? ?????? (?.?. ?? 27?? J?????? - ??? ??? ??????) ???? ??? ?? ?????????? ?? ?????????? 
????? J??????????? ?? ????? ??? ?????? (??? ????????????? ????????? ????????? ???? ?? ????? ????, 
????? J??????????? ?? ???????? ???? ? ????? ???)
(2) ??? HF ????????? ?????, ???? ? ??????? ?? ?????? ??? ? ??????? ?? ????. F?? ??????????, ????? 
?????? ??????? ?????????? HF ????????? ????? ??????? ???? ? ??????????? ???? [8] ???? HF ????? 
?????? ????-???? ???? ?????? (1996-2008) ??????? ???? FTIR ???????????? ????? J?????????? 
??? ???? ???? ?? 2 ????????? ????????? ?????? (SLIMCAT [9] ??? KASIMA [10]). T?? ??? ???????? 
???? ?? ??? ??????????? ?? ? ?????? ???? ??? ? 3?? ????? F?????? ??????. N??? ???? ??? ????-
??????????? ???? ?????? ??????? ??? HF ????????? ????? ??? ??? ?????? ????????? ???? ????????????? 
??? ?????????? ?????? ????? J???????????.
1. INTRODUCTION
S???? ??? ????? ????????? ?? ???????? ???????? ?? ??? E????'? ?????????? [1], ??????? ??????? ??????? ???? HF ????? 
?????? ??????? ??????? ???? ??????-????? F?????? ????????? ???????? (FTIR) ???????????? ?? ??????? ????????? ?? ???? 
??????????? ???? ???? ?????????. T???? ???? ????? ???? ???? ??? ????????? ?? ???? ????????????? ????????? ?????????? 
(?.?. SFIT-2, PROFFIT) ???????? ?? ??????? ????? ?? ??????? ??????? ?? ???? ?? ???????? ???????????? ?? ??? ?????? ??? ???? 
??????-????? FTIR ???????.
I? ???? ????????????, ?? ??????? ????? ?? ??????? HF ????? ??????? ??????? ???? FTIR ????-?????????? ??????-????? 
???????????? ???????? ?? ??? J??????????? (46.5?N, 8.0?E, 3580 ? ???, ? ??????? ??????? ?? ??? N?????? ??? ??? 
D???????? ?? A?????????? C?????????? C????? - NDACC - ) ???? ? ?????????? 
B????? 120 HR ???????????? ?? ????? ??? ????????? ????????? ?????: SFIT-2 ?.3.91 [2] ??? PROFFIT ?.9.5 [3].
T???, ??? ?????? ?? ????????????? ?????????? (V???? ?????? G?????? ????? ???? ?????) ?? HF ?????????? ?? ???? 
????????. F?? ? ????? ??????????? ???, ? V???? ??????? ????? ?????????????? ???? ??????? ??? ?????????? ?????????? ?? 
??????????? ????????? (???????? ?????????? ??????) ?? ???? ?? ??? ??????? ??????????? ?????? ?? ??? ?????? ??? ?????? 
(D?????? ?????????? ??????). T?? ????? ?????? ????? ?? L????????? ???? ?????? ????? ??? ?????? ??? ????????? G??????? 
???? ??????. A V???? ??????? ?? ???????????? ????? ?? ??? ??????????? ?? ? L?????? ???????? ???? ? G??????? ???. 
H??????, ?? ??????????? ????????? ??? ???? ???????? ?? ????? ???? ?????? ?? ?????????? ???? ??? ?????? ???, ??? ??? 
??????? ? ????????? ?? ??? D?????? ????????? ?? ??? ???? ????? (?D???? ??????? ?? ?D???? ??????????). A???????? ?? [4], 
???? ??????? ??? HF ???? ???????? ?? ???? ???? 290 ?P? (?.?. ??? ????????? ????????????? ??????? ???? 10 ??). A????????? 
?????? ?????????????? ????????? ??? D?????? ?????????? ?????? ??? ??? ?????????-??????? ????????? ?????? ????? ??? 
???? ???? ?????????, ??? ??????? ?? G?????? [5]. 
????://???.????.????.????.???
A??????????????? - T??? ???????? ??? ??????????? ???? ????????? ?? ??? B?????? F?????? S?????? P????? O?????, B??????? (SECPEA ???????). A????????? ??????? ?? ??? EC-GEO??? ??????? ?? ??????? ????????????. W? ????? ??? I???????????? F????????? 
H??? A??????? R??????? S??????? J??????????? ??? G????????? (HFSJG, B???) ??? ??? U????????? ?? L???? ??? ?????????? ??? ?????????? ?????? ?? ???????????? ??????? ??? ???????????? ??? ????? ????????. T????? ??? ???????? ?? ??? ????????????? ?????? 
??????????? ?? ??? ???????????? ?? ??? J???????????. T????? ??? ???? ????? ?? ??? ??? ??????? ?? ??? ACE-FTS ?????????? ??? ????????? ????. W? ???? ????? ??? ECMWF ??? ?????? ????? PV ???? ???? ?? ???? ???? ?????????. W? ??? ???????? ?? F. H??? ??? M. 
S???????? ?? IMK-IFU, K???????? ??? ?????? ??????? ?????? ??? ???????? ????? ?? ??? PROFFIT ????.
U??????? ???????? ???????? (HF) FTIR ???? ?????? ????? J???????????:
?????????? ?? ??? ????????? ?????????? ??? ?????? ?? ???? ????? ??????
1  1 2  1  3 4 4,5
P. D????????? , P. D??????? , F. H??? ,E. M????? , P.F. B?????? , C.D. B???? ??? K.A. W?????   
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 I???????? ?? A??????????? ??? G????????? ?? ??? U????????? ?? L????, B-4000 L????, B??????                                                            D????????? ?? C????????, U????????? ?? W???????, W???????, C?????
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K???????? I???????? ?? T?????????, I???????? ??? M?????????? ??? C?????? R??????? (IMK-IFU), K????????, G??????                      D????????? ?? P??????, U????????? ?? T??????, T??????, C?????
     3
D????????? ?? C????????, U????????? ?? Y???, H?????????, UK                                                                                                             A????? ??????? : P.D?????????@???.??.??
????://??????.?????.???.??.??
3. INFLUENCE OF LINE SHAPE MODEL
I? [11], ?? ??? ???? ???????????? ????, ??? HF ?????????? ???? ??? R(1) ???? ????????? ???? FTIR ??????? ???????? ?? J???????????, ??? ???????????? ?? ??? ??????????-??????? ????????? 
?????? ?????? ?? ????????????? ?????? ????????? ???????? ????????, ?????? ??????? 30 ??? 35 ??. A? ? ?????? ??????, ??? ????????? ?? ???? FTIR HF ???????? ???? HALOE HF ???????? 
??????? ???? ????, ???? ? ???? ???????? ?????????? ????? ???? ??? ?????? 10% ??????? 15 ??? 50 ??. I? ????????, ???? ????????????? ?????? ??? ?????? ?? ??????????? ?? HF ????????? 
????? ???????, ???? ??????????? (???????? ?? HF ????? ??????? ???????? ???? ? V???? ?????) ????? ???? 1%.
I? ???????? ?? ??? V???? ?????, ??? ??????? 9.5 ?? PROFFIT ?? ???? ??????? ?? ?????? ?????????? ????????? ? G?????? ?????-?????????? ?????. C?????????? ????????? ???? ???? ????? ?????? ???? 
???? ????????? ???? ??? ???? ??? ?? FTIR ??????? ???? ??? ??? ??????????????? ?? SFIT-2 ???? PROFFIT. M??? ??????? ??? ????????? ?? F????? 3.
W? ???? ??????? ?????????? ??? ?????? ?? ??? ???? ????? ????? ?? ????? ?????? ?????????????? HF ????? ?????? ?? ???? ?? 3 ??????????? HF ??????? ???????. P?????? ??????? ?????? ???? 
??????? ???? HF ??????????? ??????? ???????? ??? ????? ??? ????????? ???? ?? ??? ???????????? (10-17 ??, LOS), ??? ?????-?????? ???????????? (17-25 ??, LMS) ??? ??? ??????-????? 
???????????? (25-40 ??, MUS), ????????????. M??? ??????? ??? ????????? ?? T???? 2.
2. RETRIEVAL CODES INTERCOMPARISON
T?? ????????? ?????????????? ?????????? ??? ????????? ?????? ???? ???? ??????? (T???? 1):
T?? ???? 2005 ??? ???? ???????? ????????? ??:
 (1) ??? ????? ?????? ?? ???????????? (?200) ????????? ???? ????;
 (2) ??? ???? ???? ??????? ??????????? ??????, ???? ?.?. ?????? ????????, ???? ???????? ?? 2005 ????? J??????????? - M??? ??????? ??? ????????? ?? F????? 2. 
J??????????? (S???? A???, 46.5?N, 8.0?E, 3580 ? ???) ?? FTIR ?????????O??. S???
[4038.81 ? 4039.07] ??-1 ???? HF VMR ??????? ?????? (O?????? E????????? M?????, [6])    
???? H
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I????????????????? ???? ????????? ???? ??? ???? ?? ???????????? ??   J???????????
41 ?????? ??????, ?? ??????????? ?? ?????????? ?? F??. 1L???????
4.10-3 ??-1S??????? ??????????
D???? ???????? ???????? ??? J???????????, ???????? ?? NCEP?T ????????
T?? ???????? HITRAN 2004 [7]????????????
D?????? ???? ??? ACE-FTS ???????????? ???????? ?? ??? [41-51]?N ???. ???? ??????? F??. 2004 ??? J??? 2008? ?????? ??????????
(??? F??.1)
M??? ?? ??? ACE-FTS ???????????? ???????? ?? ??? [41-51]?N ???. ???? ??????? F??. 2004 ??? J??? 2008? ?????? HF VMR
(??? F??.1)
SFIT-2 ?3.91    ??    PROFFIT ?9.5R???????? ?????
F????? 3 - I????? ?? ???? ????? ????? (V???? ?? G??????) ?? HF ????????? 
???????? ???????? ??? ?? ??????? ???????.
L??? ?????: ???? HF ???????? (??? ??? ???? 2005) ????????? ???? 
PROFFIT 9.5 ??? ???????? V???? ???? ????? (????? ????) ?? G?????? ???? 
????? (???? ????). T?? ? ?????? ??????? ??????? ??? ??? ?????????? ?? ??????? 
?? ???. L??? ?? [11], ?? ??????? ? ??????????? ????????? ?? HF ???????? ???? 
??? G?????? ????? ?? ????, ?????? ??????? 25 ??? 40 ??. A ????? ??? 
??????????? ???????? ?????????? (???????? ???? ??? ????? ???? 2005) 
??????? ????????????? HF ????? ??????? ?? 1.18 ? 0.29 % ??? ????? 
(??? ????? ??????????? ?? 1-? ???????? ?????????), ?? ???? ????????? ???? 
[11].
R???? ????? - ?????? ?????: ??????? ??????? ?? ????????? ??????? 
???????? ??? HF ???? ? V???? ????? (????? ????) ??? ???? ? G?????? 
????? (???? ???????). T???? ??? ??????? ???? ?????????? ?????? ??? 
?????????? ?? ? FTIR ??????????? (??? ????? ????) ???????? ?? ISSJ ?? 
J?????? 8, 2005 ?? ? ????? ?????? ????? ????? ?? 73?. F?? ???? ????, 
????????????? ????????? (???????? ????? ????????? ????????) ??? 
??????? ?? ??? ?????. A ????? ??????????? ?? ??????? ???? ??? G?????? 
????? ?? ???????. I? ??????????, ?????????? ????????? ???????? ???????? 
?? ??? ?????? ?? ??? HF ????????? ???? ??? V???? ????? ?? ???? ??? 
????????????? ??????? ???? ??? G?????? ???????? ?? ???????. T?? ???? 
???????? ?????????? (??? ??? FTIR ???????????? ?? 2005) ?????????? ?? 
[(V????-G??????)/G??????] ? 100 ??????? ????????? ???????? ???? ???? 
?????? ?? 18.97 ? 13.17 % (? 1-? ???????? ?????????). T??? ?????? 
?????????? ??? ???? ???? ? G?????? ???? ????? ????? ?????????? ???????? HF 
?????????? ???????.
R?????????
[1]: Z?????, R., P??????? ?? HF ???? ?? ???????????? ??????????, C.R. A???. S??. P???? S???? B, 281, 213-214, 1975.
[2]: R???????, C. P., ?? ??.: N??????? ??? ???????? ?????????? ??????-????? ???????? ???????????? ?? ???????????? ?????? ???????? ??? ??????,                     
J. G??????. R??., 103, 28197-28218, 1998.
[3]: H???, F., ?? ??.: I?????????????? ?? ????????? ????? ???? ??? ??? ???????? ?? ????-??????????, ??????-????? FTIR ????????????,                                         
J. Q????. S???. ??? R??. T?????., 87, 25-52, 2004.
[4]: C???, S.-I., B???, D.S. ??? H?????, R.K.: D???? ????? ???????????? ?? H?-, A?-, ??? N -????????? HF ?????????? ?? ??? ????? ???????? ????,                        
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J. M??. S????????., 196, 70-76, 1999.
[5]: G??????, L.: S??????????? ?????? ?? D?????? ??? ??????? ??? ?????????? ?? ???????? ?????, P???. R??., 122,, 1218-1223, 1961.
[6]: R??????, C. D.: I?????? ??????? ??? ??????????? ????????: T????? ??? P???????, V????? 2 ?? S????? ?? A??????????, O?????? ??? P???????? P??????,    
W???? S????????? C?. P??. L??., 2000.
[7]: R??????, L. S., ?? ??.: T?? HITRAN 2004 ????????? ????????????? ????????, J. Q????. S???. ??? R??. T?????., 96, 139-204, 2005
[8]: G???????, T., ?? ??.: T???? ???????? ?? ?????????? ????? ???? E????? ???????? ?? ? ??????? ?? ??????-????? ?????? FTIR ???????????, A????. C???. P???., 
8, 6719-6727, 2008.
[9]: C???????????, M. P.: N?? ??????? ?? ??? TOMCAT/SLIMCAT ???-???? C??????? T???????? M????: ??????????????? ?? ????????????? ?????? ???????????,     
Q. J. R. M???????. S??., 132, 1179-1203, ???:10.1256/??.05.51, 2006.
[10]: R?????, R., ?? ??.: T?? ????????? ?? ??? OH + NO  +M ???????? ?? ??? NO  ???????????? ?? ??? ???? ?????? ?????? 1992/1993 ?? ??????? ???? KASIMA, 
2 ?                       
J. G??????. R??., 104, 37553772, 1999.
[11]: B?????, B., ?? ??.: L??? ????????? ?????? ?? ??? ????????? ?? HF ??? HC? ???????? ???????? ???? ??????-????? FTIR ????????????,                                        


















































































































































T?? ????? ???? ?? PROFFIT 9.5 ?????? ?? ???????? ??? 
?????????? ???????????? ?????????? ?? ????? ????????? 
????? ???????: ??? ???????????? (????????? ???? ????-
????? ??? ???? ????????? ??????), ??? ??????????? 
???????, ????? ?????????? (????????? ???? ????????? ??? 
???????? ?????????? ?????), ??? ???? ?? ?????, ??? 
???????????? ???? ????? (ILS, ????????? ???? ?????????? 
??? ????? ?????????????), ??? ???????? (????????? ???? 
?????? ??? ?????????? ?????????????) ??? ??? ???????? 
?????. T??? ?????? ????? ?????? ?? ???????? ????????? 
???? FTIR ??????? ?????? ??? ????????? ???????.
F?? ??? ????????? ????? ???????, ?? ???? ??????? ????? 
?????????? ???????: ??????????? ??????? = 30%, ????? 
?????????? = 20%, ???? ?? ????? = 10%, ILS = 50% ??? 
????????  = 50%.
T???? 2 - M??? ?????????? (????) ??? ??????????? (?????) ?????? (?? ????????) ??? HF ????? ??? ??????? ??????? ?? J??????????? (???????? ?????? ????? ??? ? G?????? ???? ????? ?????, ?????? ?????? ??? ??? ? V???? ?????). E????? ????? ???? ??? ???? ?????? ???????? 
???? ? ?????? ?? 5 FTIR ???????. A????????? ????????????? ??? ??? ????? ??? ???????? ????? ?? ??? ????. A???? ???? ?????? ??? ?? ????????????, ???????? ?????, ??????????? ??????? ??? ILS, ?? ?? ????? ???? ???? ??? ??? ????? ????? ??????? ??? ??? ??? ???????? 
?????? ????????, ??? ?????? ?? ???? ????? ????? ??? ???? ??????? ??????. F?? ??? ?????? ??? ?? ????????????, ???????? ????? ??? ILS, ??? ???? ?????????? ??????? ???? ???? ????? ?????? ?? ???????? ?? ??? ????????? ???????????? (LOS), ????? ??? V???? ????? ????? 
????? ????? ??????. T???? ??????????? ??? ??????? ??? ???????????, ????????? ????????????? ?????????????? ????? ??????. C?????????? ????? ??? ?? ????????????, ?? ??????? ??? ???? ?????? ?? ?????????? ?????. T?? ???? ??????????? ??????????? ???????? ??????? 
???? ?????? (????????? ??????) ?? ???????? ??? ??? ?????????? ??? ??????????? ????????????? ?????????? ?? ??????????? ??????? ????? ?? ??? LOS ??? MUS ???????, ????? ??? V???? ????? ??????? ????????????? ??????. T???? ??????????? ??? ???????? ?????????? ?? 
????????? ??????????? ?? ??????????? ?? ???? V???? ??? G?????? ??????. A? ? ??????????? ?? ??? ??????? ??????????? ?? ??? V???? ????? ?? ??? LOS ??????, ??? ????? ?????????? ????? ?? ????????????? ??????? ?? ? ??? ???????? ???? ???????? ???? ???? ????? 
?????. H??????, ???? ??????????? ??????? ???? ???????? ?? ??? ??????????? ??????????? ????? ???????? ?? ??? ??????? ??????? (??? F????? 3). 
F????? 1 - HF ? ?????? ??????????? ??????? ??? ??? FTIR ??????????, ??????? ???? ACE-FTS ????????? ???????????? ?? ??? [41-51]?N ???????? ????
L??? ?????: ? ?????? VMR ???????; ?????????? ????? ????? ????????? ??? ???????? ?????? ??????? ?????? ??? ??????????
R???? ?????: ? ?????? ??????????? ??????? (=???????? ???????? ?? ??? ???? ?????????? ?????? S?) 
F??? ?????????? ?????? S? ????????????
O?? ? ?????? HF ??????? ?? ? ????? ???? ?? ?????? 800 ACE-
FTS ?2.2 ???????????? (??? T???? 1). C???????????? HF 
???????????? ????????? ?????? ??????? 14 ??? 55 ??. 
A???? 55 ??, ??? ???? ? ?????? HF ??????????? ???? ?? 
ACE-FTS ?????? ??? ????????? ????????? ??? ???? ???????. 
F?? ??? ?????? ???????? ??????, ?? ???? ????, ??? ???? 
?????????? ???????, ??? HF VMR ????? ???????? ?? ??? ACE-
FTS ?????????? ?? 14??. B???? ?? ???? ?????????????? 
???????, ? ???? ? ?????? ?????????? ?????? S? ??? ???? 
???????????, ????????? ??:
S?(?,?) = E[(VMR-VMR ) ? (VMR -VMR )] 
? ????,? ? ????,?
?????  E ??????? ??? ???????????? ???????????. S???? ??? 
?????????? ?????? ?? ???? ???????? ???? ACE-FTS 
?????????????? ???????? ??? ???????? (??? ??????????), 20% 
???????????? ????? ??? ???? ????? ?? ??? ???????? 
????????.
41 ??? , ? ? ??? ????  ???  ?? F . 1 (? ? ? ???)
L??? ?? ?????L??? ?? ?????
